Uptake and cytotoxicity of chitosan molecules and nanoparticles: effects of molecular weight and degree of deacetylation.
To evaluate the effects of molecular weight (Mw) and degree of deacetylation (DD) on the cellular uptake and in vitro cytotoxicity of chitosan molecules and nanoparticles. Chemical depolymerization and reacetylation produced chitosans of Mw 213,000 to 10,000 and DD 88-46%, respectively. Chitosan was labeled with FITC and transformed into nanoparticles by ionotropic gelation. Uptake of chitosan by confluent A549 cells was quantified by fluorometry, and in vitro cytotoxicity was evaluated by the MTT and neutral red uptakeassays. Nanoparticle uptake was a saturable event for all chitosan samples, with the binding affinity and uptake capacity decreasing with decreasing polymer Mw and DD. Uptake fell by 26% when Mw was decreased from 213,000 to 10,000, and by 41% when DD was lowered from 88% to 46%; the uptake data correlated with the zeta potential of the nanoparticles. Uptake of chitosan molecules did not exhibit saturation kinetics and was less dependent on Mw and DD. Postuptake quenching with trypan blue indicated that the cell-associated chitosan nanoparticles were internalized, but not the cell-associated chitosan molecules. Chitosan molecules and nanoparticles exhibited comparable cytotoxicity, yielding similar IC50 and IC20 values when evaluated against the A549 cells. Cytotoxicity of both chitosan entities was attenuated by decreasing polymer DD but was less affected by a lowering in Mw. Transforming chitosan into nanoparticles modified the mechanism of cellular uptake but did not change the cytotoxicity of the polymer toward A549 cells. Chitosan DD had a greater influence than Mw on the uptake and cytotoxicity of chitosan nanoparticles because of its effect on the zeta potential of the nanoparticles.